In view of the drawbacks in the use of the Kahn test for large-scale screening of blood donors, mainly those of human error through work overload and fatiguability, an attempt was made to adapt an existing automated complement-fixation technique for this purpose. This paper reports the successful results of that adaptation.
Magnesium chloride 6H20 (AR) ... 1-01 g 70-75 % Calcium chloride (AR) ... 0-1 g Distilled water to 10 litres MANIFOLD This has been adapted from the original Wassermann manifold ( Fig. 1 ): (a) One full double mixing coil has been removed from the complementfixation part of the circuit, ie, between the single capillary mixing coil 'a' and junction A6 in the water bath at 37°C. (b) One single capillary mixing coil has been removed from the haemolysis part of the circuit, ie, between junction A6 and the double mixing coil 'b' in the second half of the circuit at 37°C. (c) The whole of the immersed portion of the circuit has been fused together, eliminating potentially loose glass-to-glass joints made only with Tygon tubing. (d) An antigencomplement-buffer mixture, in the ratio 5:5:3, is pumped into the circuit through a single line, as demonstrated by Pugh and Gaze at the Brighton Technicon Symposium (1967 In practice, this range may be shortened when the characteristics of a particular batch of haemolysin are known. Each dilution of haemolysin is used to sensitize an equal volume of 5% thrice-washed sheep cells. The sensitized cells are then pumped sequentially through the whole circuit, via the sampler and pump tube (size 0 096 ml/min) to enter the all-glass circuit at the A6 junction. Dried complement is reconstituted as directed and dilutions prepared over the range 1/80 to 1/140. Each dilution, mixed with antigen and buffer as above, is pumped via tube 5, each in turn pumped long enough to cover one full sequence of sensitized cells coming from the sampler.
Buffered saline is pumped via tube 3.
As with all complement haernolysin titration techniques, the combination of the weakest dilution of complement with the weakest dilution of haemolysin which gives complete haemolysis is selected as the basis for calculating the dilution needed in the test proper. These dilutions are conventionally known as the minimum haemolytic doses (MHD) of the reagents. In Fig. 2 , the upper tracing depicts part of such a titration, the five sets of cells used being sensitized with 1/800, 1/900, 1/1,000, 1/2,000, and 1/3,000 dilutions of haemolysin. From this tracing, the combination of 1/120 complement with 1/1,000 haemolysin was chosen as the MHD W. Wagstaff, R. Firth, J. R. Booth, and C. C. Bowley By obtaining supplies of freeze-dried complement in batches, it has been found necessary to titrate only a randomly selected sample from each batch. The use of deep-frozen aliquots of pooled WR-positive sera as a control, and the inclusion of known weakly reacting sera ensure that significant differences in potency between samples of the same batch do not go undetected. With the volume of work handled in this centre, a batch of 180 x 2 ml ampoules will last for 90 working days. As with conventional manual techniques, only one representative sample from each batch of haemolytic serum need be subjected to titration. Since a batch of haemolysin inevitably lasts longer than one of complement, this means that a complement-haemolysin titration need only be performed with each new batch of complement.
TEST PROPER Sera are separated, after centrifugation, and inactivated, as usual, at 56°C for half an hour. Centrifugation is simplified by presentation in racks of 40 precipitin tubes (50 x 7 mm) in a Perspex rack designed to fit the Griffin-Christ centrifuge with serological head (Griffin & George Ltd.) Thus 80 samples can be centrifuged at once.
Reagents are pumped into the system at the rates shown in Fig. 1 , using a cam in the sampler II which provides a sampling speed of 80 samples per hour, with a 3:1 wash to sample ratio. Under the conditions described, twin circuits are employed, giving twin tracings on a two-pen recorder, and an actual rate of testing of 160 samples per hour. Each batch of 40 sera is preceded by an aliquot of a pool of WR-positive sera. Complement is pumped at a dilution providing 2 MHD, and haemolysin at a dilution providing 1 MHD.
From the results of the complement-haemolysin titration shown above, for example, complement would be used at a dilution of 1/60 and haemolysin at a dilution of 1/750.
All samples giving a peak of more than five transmission lines are regarded as suspect and are repeated (a) as a straight repeat with antigen and (b) without antigen, thus providing a control of anticomplementary activity. It is convenient to convert one of the twin circuits for this purpose towards the end of the working day, pumping a complement-buffer mixture (1965) has been adapted for screening essentially negative material, the aim always being an increase in the rate of testing with maintenance of maximum sensitivity. The sensitivity of the system was increased by cutting the time allowed for haemolysis of sensitized cells to 15 minutes; even so this length of time proves quite adequate for complete haemolysis by the complement remaining after a negative antigen-antibody reaction. As an incidental finding during alterations of this part of the circuit it was discovered that, provided that the sensitized cells are pumped along fine polyethylene tubing and introduced into the circuit via a capillary joint, the capillary mixing coil originally included in the circuit at this point is not really necessary for efficient mixing of the cells. The time allowed for complement fixation was finally fixed at 15 minutes, using the designated coils, complement fixation being apparently complete in this system in 12 minutes. The single capillary mixing coil at the beginning of this phase of the reaction is considered essential.
The fusing of the submerged part of the circuit into a continuous glass unit undoubtedly results in a slightly more elaborate procedure for the complement-haemolysin titration, but this extra trouble is more than compensated for by the reduction in 'noise' on the tracings which results from elimination of so many suspect joints in the system. Regular daily cleaning of the all-glass part of the circuit with chromic acid is also recommended as a noiseeliminating measure. The possibility of cross contamination is also reduced by the same measure, so that at a sampling rate of 80 per hour each individual sample is still easily recognizable, and correlation of any peak on the record with its corresponding sample presents no difficulty in practice. At this sampling rate, loss of sensitivity was obviously to be expected. By incorporating the streamlining measures mentioned a degree of sensitivity is achieved such that a known weakly positive serum (provided as a control by the Public Health Laboratory Service Laboratory) consistently gives a peak of around 20 transmission lines, thereby providing an easy check on sensitivity.
The sera under test occasionally present problems because many donors arrive at a donor session soon after a heavy meal, so that a relatively high proportion of test sera are fatty. Since the measurement within the colorimeter is a nephelometric one of unhaemolysed red cells, the presence of fat globules results in an increase in peak size on the final tracing. This will obviously happen both with and without antigen in the system, so that such sera could be classified as anticomplementary. Prior filtration with a Hemming's bijou bottle filter, using 
